Background: Prior studies suggest that unintended medication discrepancies that represent errors are common at the time of hospital admission. These errors are particularly worthy of attention because they are not likely to be detected by computerized physician order entry systems.
T
HE INSTITUTE OF MEDICINE report on medical error generated increased attention to the issue of patient safety in the health care system. 1 Among hospital inpatients, medications are a leading cause of adverse events, and errors involving medications are frequent.
An accurate medication use history is an integral part of the patient assessment on admission to the hospital. An erroneous medication use history may result in failure to detect drug-related problems as the cause of hospital admission or lead to interrupted or inappropriate drug therapy during hospitalization. Either occurrence may adversely affect patient safety. Following hospital discharge, the perpetuation of these errors may result in drug interactions, therapeutic duplication, other unintended adverse events, and additional costs. [2] [3] [4] These errors are particularly worthy of attention because they are not likely to be detected by computerized physician order entry systems. 5 For example, the most common error in the medication use history is omitting a medication that is taken at home 2, 3 ; a computerized physician order entry system cannot detect such an error without linkage to a community pharmacy database. The growing hospitalist model of inpatient care may introduce an additional opportunity for medication errors at the time of hospital admission. 6 Limited data suggest that errors in the medication use history are a potentially serious safety issue. Up to 60% of patients admitted to the hospital will have at least 1 discrepancy in their admission medication history. 2, 3 One study 7 indicated that approximately 6% of patients will experience an inadvertent drug discontinuation of a serious nature on admission to the hospital. Unfortunately, most studies fail to distinguish between unintentional or erroneous medication changes and intentional adjustments guided by the patient's clinical condition at the time of admission. Other studies are limited by small sample size, retrospective design, and nonconsecutive patient enrollment. Few studies have examined the potential clinical importance of the discrepancies.
The completeness of the medication use history depends on different factors, including the time available to conduct the interview, language barriers, the severity of the patient's illness, the patient's cognitive status, and the patient's familiarity with his or her medication regimen. In the absence of a structured process for conducting the interview, information may be erroneously inferred from prescription vials and written medication lists without confirmation from patients. 3 The objectives of this study were to prospectively identify unintended discrepancies between the physicians' admission medication orders and a comprehensive medication use history obtained by a pharmacist or a trained pharmacy or medical student and to evaluate the potential clinical significance of these discrepancies.
METHODS
The study was conducted at a 1000-bed tertiary care teaching hospital affiliated with the University of Toronto. During 3 months in 2003, all consecutive patients admitted to the general internal medicine clinical teaching units were prospectively identified using a computer-generated admission roster that was reviewed daily with the admitting teams. Weekend and holiday admissions were reviewed on the first working day following admission.
Each medical chart was screened, and patients were included in the study if they reported using at least 4 regular prescription medications before admission. The following patients were excluded: patients who were unable to communicate and did not have a caregiver who could be interviewed, patients who had been transferred to the hospital from a nursing home or long-term care facility, and patients who were discharged from the hospital within 24 hours or before an interview could be conducted. We also excluded patients who were in isolation to avoid unnecessary contact between research staff and potentially infectious patients during and after the recent severe acute respiratory syndrome crisis in Toronto.
At the study hospital, clinical pharmacists are assigned to the general internal medicine clinical teaching units and are involved in the provision of pharmaceutical care. These pharmacists continued with their normal duties during the study. However, these pharmacists are not routinely involved in documenting patients' admission medication histories, unless specifically requested to do so. At the study institution, this function is primarily the responsibility of the admitting resident physician or medical student. In routine clinical practice, the residents and students generally obtain medication history information while the patient is in the emergency department. Depending on circumstances, the resident will use various sources of information, including patient and family interviews, review of medication lists or vials, or follow-up with the community pharmacy or family physician. There is no linkage to an electronic record of outpatient prescriptions to allow verification of medication histories.
A member of the study team reviewed each medical chart to determine the physician-recorded medication history, the nurse-recorded medication history, the admission medication orders, and demographic information. Forty-eight hours from the time of admission was allowed for clarification of admission medication orders to permit normal processes of care to correct problems occurring at the time of admission. These normal processes would include clinical pharmacists clarifying unclear admission medication orders.
Patients were visited by a member of the study team (a pharmacist, pharmacy student, or medical student). A thorough history of all regular medication use (prescription and nonprescription) was conducted, using some or all of the following sources of information: patient or caregiver interview, inspection of prescription vials, and follow-up with a community pharmacy or review of a current medication list printed by the community pharmacy.
We defined a medication discrepancy as any difference between the medication use history and the admission medication orders. Discrepancies included but were not limited to the following: omission or addition of a medication, substitution of an agent within the same pharmacologic class, and change in dose, frequency, or route of administration. All discrepancies were reviewed with the admitting medical team. We then asked the medical team to indicate whether the identified discrepancies were intended or unintended. It was the responsibility of the members of the medical team to make changes in the inpatient medication orders after unintended discrepancies were brought to their attention. For 2 weeks, we used a stopwatch to prospectively record among 38 patients the time required to complete the medication use history and reconcile any discrepancies.
Three general internal medicine hospitalists (S.S., D.N.J., and E.E.E.) independently classified each unintended discrepancy for its potential to cause harm. We defined class 1 discrepancies as those unlikely to cause patient discomfort or clinical deterioration. An example would be a patient prescribed 20 mg/d of atorvastatin calcium on admission, despite reporting a dosage of 10 mg/d on interview. Class 2 discrepancies were those with the potential to cause moderate discomfort or clinical deterioration. An example would be a patient prescribed 25 mg of atenolol twice daily on admission, despite reporting a dosage of 25 mg/d on interview. Class 3 discrepancies had the potential to result in severe discomfort or clinical deterioration. An example would be a patient admitted with gastrointestinal hemorrhage who was ordered 2.5 mg/d of ramipril on admission but reported no prior use of ramipril during the interview. Disagreements were resolved by discussion, and consensus was reached for all discrepancies.
Descriptive and statistical analysis was completed using Excel 2000 (Microsoft, Redmond, Wash) and SPSS (version 10; SPSS Inc, Chicago, Ill) for Windows. Exploratory analyses were performed for bivariate associations between baseline variables and discrepancies using t tests. Interrater reliability for assessing the potential for discrepancies to cause patient harm was analyzed using a score for multiple observers. 8 Patients or family members provided written informed consent. The Sunnybrook and Women's College Health Sciences Centre Research Ethics Board approved the study protocol.
RESULTS
During the 3-month study, 523 patients were admitted. Of these, 151 (28.9%) met the inclusion criteria. We excluded 372 patients for the following reasons: reported use of fewer than 4 medications (182 patients), discharged home before a medication use interview could be conducted (72 patients), resided at a nursing home or long-term care facility (69 patients), isolated for infection control (27 patients), refused to participate (12 patients), and inability to communicate, with no available family members (10 patients).
The characteristics of the 151 patients in the study population are summarized in We completed medication use interviews with all 151 participants. Of these, 109 (72.2%) had medication vials available for inspection. For the remaining patients, medications were verified with the community pharmacy (26 patients) or from a written list of medications used at home (16 patients).
Eighty-one patients (53.6%; 95% confidence interval, 45.7%-61.6%) had at least 1 unintended discrepancy. We identified 140 unintended discrepancies among these 81 patients. The overall rate of unintended discrepancies was 0.93 per patient. The most common error (46.4%) was omission of a regularly used medication. Other types of errors are summarized in Table 2 . Most discrepancies were associated with cardiovascular drugs (26.6%) and central nervous system drugs (25.9%).
There was fair interrater reliability for judging the potential severity of discrepancies (=0.26, 95% confidence interval, 0.16-0.36). 8 Consensus was easily achieved in areas of disagreement. Most (61.4%) of the discrepancies were deemed unlikely to cause harm (class 1). However, 32.9% of the discrepancies were judged to have the potential to cause moderate discomfort or clinical deterioration (class 2), and 5.7% were judged to have the potential to cause severe discomfort or clinical deterioration (class 3) ( Table 2 ). The details of the discrepancies that were assigned a class 3 potential severity rating are summarized in Table 3 . Some examples include the following: 2 patients who continued taking their own nonsteroidal anti-inflammatory drug, without the admitting physician's knowledge, after being hospitalized for a gastrointestinal hemorrhage; 1 patient whose predni-
The association between unintended discrepancies and other potentially important variables was explored ( Table 4) . No significant associations were observed between unintended discrepancies and weekend admission, nighttime admission, or admission during high workload periods. Also, there was no relationship between the number of medications that the patient was taking before admission (as determined during the interview) and the risk for unintended discrepancies. The median time for the entire process of medical chart review, interview, and follow-up on discrepancies was 24 minutes (interquartile range, 20-30 minutes).
COMMENT
Among our study population of mainly older patients taking at least 4 prescribed medications, 53.6% had at least 1 unintended medication discrepancy at the time of hospital admission. The most common type (46.4%) of discrepancy involved the omission of a medication that the patient was taking before admission. Based on consensus review, it was determined that 38.6% of the identified discrepancies had the potential to cause moderate to severe discomfort or clinical deterioration. We did not find a significantly higher rate of discrepancies for admissions taking place on the weekend, overnight, or during high workload periods or for patients reporting the use of 8 or more medications.
Our results confirm the high rate of medication error at the time of hospital admission. Lau et al 2 found that 67% of 304 general medicine inpatients had an admission medication discrepancy. Beers et al 3 interviewed 122 older inpatients and found a 60% discrepancy rate. Neither of these studies distinguished intended changes from unintended discrepancies, and neither evaluated the potential severity of discrepancies.
Van Hessen et al 7 compared the hospital medication records and outpatient pharmacy records of 205 patients and found that 6% of patients experienced at least 1 potentially serious inadvertent drug discontinuation. Another study 9 of 60 patients revealed that more than a third experienced at least 1 clinically important and unintentional drug omission at the time of admission.
Problems with medication reconciliation occur not only at the time of hospital admission but also on discharge. Two recent studies 10, 11 have demonstrated a high rate of adverse events among medical patients after discharge from the hospital. Forster et al 10 found that almost 1 in 5 patients experienced an adverse event during the transition from the hospital to home. Adverse drug events were the most common (66%), and most (62%) were considered preventable or ameliorable. A follow-up study 11 demonstrated similar findings, with 23% of patients experiencing an adverse event following hospital discharge. Again, adverse events involving medications were the most common (72%), and almost half of the adverse events were considered ameliorable or preventable. An interventional study 12 suggested that involvement of a pharmacist in discharge planning and postdischarge telephone follow-up reduced unplanned return visits to the emergency department. One potential mechanism for this effect was the identification and correction of medication errors at the time of discharge.
A limitation of this study is the absence of a gold standard for the identification of home medication use. We relied on the report of the patient or caregiver in conjunction with collateral information from medication vials or pharmacy contacts whenever possible. Previous research suggests that our study assessments provided the best available measure of patients' actual home medication use. First, using simulated patients, Dawson and Gray 13 showed that physicians obtained, on average, 79% of the complete drug history for prescription drug use and 45% for over-the-counter drug use, whereas pharmacists obtained a 100% complete history for both categories of drug use. Second, using a validated questionnaire, pharmacists solicited clinically important information on drug use that had been missed by the admitting physician in 1 of every 9 newly admitted medical and surgical patients.
14 Third, Gurwich 15 reported that We focused on general medical patients with unplanned hospital admissions who reported the use of at least 4 medications. Error rates may differ on services other than general internal medicine, with admissions that are elective or involve transfers from other health care facilities, or among patients taking fewer than 4 medications. Also, our findings may not be representative of other institutions that use different processes for admission medication reconciliation. Although every attempt was made to interview patients or family members and inspect prescription vials or medication bottles for all subjects included in the study, the inspection of the medications was not possible in 27.8% of cases. In these situations, the interviewer relied on written medication lists provided by the patient or family or follow-up with the community pharmacy. Our small sample lacked power to detect associations between unintended discrepancies and baseline variables of interest. Finally, the rating method used for assessing the potential severity of the discrepancies has not been validated, and the interobserver agreement was only fair.
The data presented herein suggest that the processes for recording medication histories on admission to the hospital are inadequate, potentially dangerous, and in need of improvement. The discrepancies outlined in Table 3 would probably not have been prevented by a computerized physician order entry system. Training admitting physicians and medical students may have some benefit, but there are often significant barriers to obtaining accurate and complete medication information during the admission process. Development of computer systems that allow transfer of medication histories and prescription information between hospitals and community pharmacies has the potential to improve this process. Such systems provide the possibility of "seamless pharmaceutical care" when patients are transferred between primary and secondary care. 2 Such a system has been developed in British Columbia and can be accessed in hospital emergency departments. 16 Systematic pharmacist consultation may be an effective solution, 4, 14, 15 but implementing a 24-hour hospitalwide pharmacy service would be difficult for most institutions. A partial service may be more practical, and several models could be investigated. For example, a pharmacist could work in the emergency department or admissions area during certain hours to conduct medication histories as patients are admitted to the hospital. Institutions could add medication history interviews to the other clinical pharmacy services already provided. Targeting the service to selected patient populations at high risk for drug-related complications (eg, older patients taking multiple medications) may be useful. 4 With this type of service, pharmacists could review the medication use history of selected patients as soon as possible after admission.
Regardless of the model used, additional pharmacist staffing would probably be required to provide this type of service. Based on the patient selection criteria used in this study (ie, patients admitted from home taking Ն4 medications), we estimate that a pharmacist would need to spend approximately 5 h/wk (at Can $35/h) to provide this service to patients on a similar general internal medicine clinical teaching unit. However, this calculation is based on uninterrupted work-flow times and may underestimate the actual time required outside of the research setting. In our 12-week study, there were 8 potentially severe discrepancies, so the incremental cost of pharmacists' time to identify and correct each of these was estimated at Can $300. This may be an economically attractive option when considering the direct costs of an adverse drug event (US $2000-$4700). 17, 18 In summary, 53.6% of older medical patients taking at least 4 medications have unintended medication discrepancies at the time of hospital admission, and more than a third of these had potential to cause moderate or severe harm. To improve patient care and minimize the potential costs of preventable adverse drug events, the health care system should explore ways to improve the accuracy of the hospital admission medication history. 
